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We have  o b t a i n e d  laser a c t i o n  on  34 far i n f r a r e d  l i n e s  f o r  
t h e  f i r s t  time i n  f u l l y  d e u t e r a t e d  methyl  a l c o h o l  w i t h  t h e  
13C i s o t o p e  (13CD O D ) ,  and we have measured t h e  f r e q u e n c y  o f  
13 l i n e s .  The mo?ecule was pumped by a cw C 0 2  laser.  We 
have  measured t h e  wave leng th ,  t h e  r e l a t i v e  p o l a r i z a t i o n ,  t h e  
r e l a t i v e  i n t e n s i t y  o f  most l i n e s ,  the  f r e q u e n c y ,  and t h e  C 0 2  
pump f r e q u e n c y  o f f s e t  o f  t h e  s t r o n g e s t  l i n e s .  The new l i n e s  
are  d i s t r i b u t e d  i n  t h e  wavelength  r e g i o n  from 75.27 v m  t o  
464.7 pm. 
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INTRODUCTION 

I t  is wel l  known t h a t  t h e  methyl  a l c o h o l  molecu le  

(CH O H )  is t h e  a c t i v e  medium which h a s  g e n e r a t e d  t h e  g r e a t  

m a j o r i t y  o f  known FIR laser l i n e s  when o p t i c a l l y  pumped by 

3 

C 0 2  lasers .  

hydrogen  and o f  1 3 C  f o r  1 2 C  i n  t h e  molecu le  s h i f t s  its 

i n f r a r e d  spec t rum,  i t  s t i l l  f a l l s  w i t h i n  t h e  900-1100 cm-1 

Al though t h e  s u b s t i t u t i o n  o f  d e u t e r i u m  f o r  

pumping r a n g e  o f  t h e  C02 laser.  Hence many new FIR laser 

l i n e s  can  be o b t a i n e d  by pumping t h e  v a r i o u s  i s o t o p i c  

s p e c i e s  w i t h  t h e s e  lasers. For  example,  t h e  c o m p l e t e l y  

d e u t e r a t e d  methyl  a l c o h o l  molecu le  (CD30D)  p r o d u c e s  up t o  

140  new laser  l i n e s  i n  t h e  wavelength  r a n g e  from 35 pm t o  

2.9 mm ( 1 , 2 ) .  

For t h e  p r e s e n t  work we e x p l o r e  f o r  t h e  f i r s t  time t h e  

13CD O D  molecu le  i n  s e a r c h  o f  new s u b m i l l i m e t e r  wave laser 

l i n e s .  

3 

EXPERIMENT 

We have  pumped t h e  molecu le  w i t h  l a s i n g  l i n e s  from 

a 2m l o n g ,  10” d i a m e t e r ,  cw, waveguide C02 laser  which 
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o s c i l l a t e s  from 

RI(40), t o  RI(6) and PI(6) t o  P1(38) d e l i v e r i n g  powers of 

45W on t h e  s t r o n g e s t  l i n e s ,  and which t u n e s  a b o u t  70 MHz on 

each l i n e .  Also, w e  have  used  some of t h e  pumping l i n e s  

from a l m  l o n g ,  5mm bore diameter cw-waveguide C02 laser 

w i t h  powers up t o  25W on t h e  s t r o n g e s t  l i n e s .  

laser o s c i l l a t e s  i n  a l l  t h e  l i n e s  of t h e  f o l l o w i n g  r a n g e s :  

R11(50) t o  RII(2), PII(2) t o  p11(52), RI(48) t o  R I ( ~ )  and 

PI(2) t o  P1(56) and t u n e s  a b o u t  120 MHz on each  l i n e .  I n  

e a c h  laser,  t h e  p a r t i a l l y  t r a n s m i t t i n g  IR mirror was PZT 

d r i v e n  for  f i n e  t u n i n g  of t h e  laser  o v e r  i ts  g a i n  cu rve .  

R,,(38) t o  RII(6)' PII(6) t o  PII(44), 

The l a t e r  C02 

The FIR  c a v i t y  d e s c r i b e d  e l ~ e w h e r e ' ~ )  c o n s i s t e d  of a n  

open s t r u c t u r e  (non-waveguide) r e s o n a t o r  104 em l o n g  w i t h  2 

m r a d i u s  of c u r v a t u r e  concave  mirrors a t  e a c h  end.  One 

mirror was mounted on a micrometer t o  t u n e  t h e  r e s o n a n t  

f r e q u e n c y  of t h e  c a v i t y  and t h e  o t h e r  one  was f i x e d .  The 

laser t u b e  c o n s i s t e d  of a lm l o n g ,  coppe r  c y l i n d e r  51 mm i n  

d i a m e t e r .  T r a n s v e r s e  pumping was a c h i e v e d  by b r i n g i n g  t h e  

C02 r a d i a t i o n  t h r o u g h  a s i d e  window i n t o  t h e  t u b e  a t  a n  

a n g l e  of 75" w i t h  r e s p e c t  t o  t h e  laser a x i s .  L o n g i t u d i n a l  

pumping was done th rough  a l m m  h o l e  c e n t e r e d  a t  t h e  f i x e d  

mirror. The FIR r a d i a t i o n  was ref lected o u t  of t h e  c a v i t y  

by a v a r i a b l e  c o u p l e r  which c o n s i s t e d  o f  a 45O mirror 6 mm 
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i n  diameter whose d i s t a n c e  from t h e  laser ax i s  was 

a d j u s t a b l e .  The FIR r a d i a t i o n  t h e n  e x i t e d  th rough  a 

p o l y e t h y l e n e  window l o c a t e d  a t  t h e  s i d e  o f  t h e  c a v i t y  and  

was detected w i t h  a m e t a l - i n s u l a t o r - m e t a l  ( M I M )  p o i n t  

c o n t a c t  d i o d e .  The FIR c a v i t y  was p r o v i d e d  w i t h  a 

microphone .  The g e n e r a t e d  p h o t o a c o u s t i c  s i g n a l  was used  

t o  t u n e  t h e  C02 laser f r e q u e n c y  to  t h e  methyl  alcohol 

a b s o r p t i o n .  

The w a v e l e n g t h s  were d e t e r m i n e d  t o  f 0.1 pm by 

measu r ing  a number of  h a l f  wave leng ths  i n  a measured s c a n  

of  t h e  laser  end mirror of a p p r o x i m a t e l y  5 mm. 

The f r e q u e n c i e s  were measured by s y n t h e s i z i n g  each  FIR 

f r e q u e n c y  f rom t h e  d i f f e r e n c e  between two s a t u r a t e d -  

a b s o r p t i o n ,  f l u o r e s c e n c e - s t a b  i 1 ized C02 lasers a s  

a l r e a d y  r e p o r t e d .  ( 4 )  

as  t h e  mixer .  

The M I M  p o i n t  c o n t a c t  d i o d e  s e r v e d  

The pumping C02 f r e q u e n c y  o f f s e t  f o r  each  l i n e  was 

measured by h e t e r o d y n i n g  t h e  pumping r a d i a t i o n  w i t h  one o f  

t h e  a c t i v e l y  s t a b i l i z e d  C02 lasers  r e t u n e d  t o  t h e  pump l i n e .  

The p o l a r i z a t i o n s  o f  t h e  FIR l i n e s  r e l a t i v e  t o  t h e  C02 

laser l i n e s  were de te rmined  by u s i n g  a Brewster a n g l e  

s tacked p l a t e  p o l a r i z e r  i n  f r o n t  o f  the  FIR d e t e c t o r .  
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P r e s s u r e s  were measured w i t h  a thermocouple  gauge 

c a l i b r a t e d  w i t h  a c a p a c i t a n c e  manometer and t h e  v a l u e s  

p r e s e n t e d  i n  Tab le  I were a d j u s t e d  t o  o b t a i n  maximum FIR 

o u t p u t  power. 

EXPERIMENTAL RESULTS AND COMMENTS 

We have  measured f o r  t h e  f i r s t  time laser  a c t i o n  i n  

t h e  1 3 C D 3 0 D  molecule  on 34 l i n e s  i n  t h e  wavelength  r a n g e  

from 75.27 u m  t o  464.7 pm. 

Table I lists t h e  13CD30D laser l i n e s  a l o n g  w i t h  t h e i r  

r e l a t i v e  p o l a r i z a t i o n ,  t h e  p r e s s u r e  for maximum FIR power,  

t h e  r e l a t i v e  FIR i n t e n s i t y  and t h e  c o r r e s p o n d i n g  C02 pump 

l i n e s .  

Tab le  I1 lists t h e  wave leng ths ,  t h e  measured f r e q u e n -  

c ies ,  t h e  vacuum wavenumbers, the  p r e s s u r e s ,  t h e  C 0 2  pump 

l i n e s  and t h e  C02 f r e q u e n c y  o f f s e t s  o f  t h e  f r e q u e n c y  

measured FIR 13CD30D laser l i n e s .  

The A = 148.62 Vm laser l i n e  pumped by RI(30) h a s  a 

wave leng th  v a l u e  close t o  t h e  A = 150 pm laser l i n e  r e p o r t e d  

by Herman e t  a l .  on 1 2 C D 3 0 D ( 5 )  and b o t h  have t h e  same 

p o l a r i z a t i o n .  S i n c e  w e  have  n o t  obse rved  such  a l i n e  i n  o u r  
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p r e v i o u s  work on 12CD30D ( 6 )  

c a v i t y ,  we b e l i e v e  t h a t  t h e  

d i f f e r e n t  l i n e  from t h e  one 

Vaseoncellos and Evenson 

u s i n g  e s s e n t i a l l y  t he  same FIR 

A = 148.62 urn laser l i n e  is a 

r e p o r t e d  by Herman e t  a l .  and i t  

is g e n e r a t e d  f rom t h e  13CD30D i s o t o p i c  s p e c i e s .  

F i f t e e n  o u t  o f  a t o t a l  of 36 FIR laser l i n e s  r e p o r t e d  

on 1 3 C D 3 0 H ( 7 )  have  a l s o  lased w i t h  13CD30D,  however t h e y  

were a t t r i b u t e d  t o  13CD30H b e c a u s e  t h e y  were o b s e r v e d  t o  be 

weaker i n  t h e  c o m p l e t e l y  d e u t e r a t e d  methyl a l c o h o l .  E i the r  

b e c a u s e  o f  hydrogen  - d e u t e r i u m  exchange on t h e  wall o r  t h e  

f a c t  t h a t  o u r  13CD30D was 99% 13CD30D and  1 %  13CD30H, i t  was 

d i f f i c u l t  t o  s e p a r a t e  13CD30H l i n e s  from 13CD30D l i n e s .  

I t  was a l s o  no tewor thy  t h a t  FIR laser l i n e s  i n  13CD30D 

were more c r i t i c a l l y  dependen t  on p r e s s u r e  and C 0 2  PZT 

t u n i n g  t h a n  i n  o t h e r  i s o t o p e s  of methyl  alcohol. 

F i n a l l y ,  we b e l i e v e  t h a t  more laser l i n e s  c a n  s t i l l  b e  

found i n  13CD30D w i t h  improvements i n  t h e  C 0 2  c o u p l i n g  t o  

the FIR c a v i t y ,  a wider v a r i a t i o n  i n  t he  p r e s s u r e ,  and w i t h  

t he  u s e  o f  a l a r g e r  bore FIR c a v i t y  s u i t a b l e  t o  accomodate 

l a r g e r  wave leng th  modes. 
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41 

42.5 

40 

40 

27 

25 

25 

26.5 

aTwo decimal figures are reported for lines whose frequen- 

bPressure at which each frequency was measured as determined 

cies have been directly measured (See Table 11). 

by a thermocouple gauge calibrated with a capacitance 
manometer. 
1 Torr = 133 .3  Pa 

*Lines which have been measured with the 104 cm long 
cw-waveguide laser. 
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75.27 

109.93 

109.94 

1 1  8 .55  

124.25 

128.10 

148.62 

173.64 

209.23 

216.36 

272.96 

321 . 4 1  

324.14 

3 982 631.1 

2 727 211.7 

2 726 923 .5  

2 528 772.8 

2 412 757.9 

2 340 291.8 

2 017 218.5 

1 726 548.5 

1 432 817 .8  

1 385 645.1 

1 098 307.9 

932 741.3 

924 885 .8  

132.846 274 

90.969 992 

90.960 376 

84.350 780 

80.480 942 

78.063 731 

67.287 167 

57.591 459 

47.793 659 

46.220 179 

36.635 509 

31.112 901 

30.850 871 

+13.8 

+ 4.6 

+ 4.6 

- 3 . 3  

+ 5 .7  

+ 4.9 

- 3.3 

+ 2.0 

-10 .5  

- 0.4 

-19.7 

+ 1 . 3  

-14.9 

____________________---------------------------------------- 

aEstimated A d  v uncertainty in the reproducibility of the 
FIR laser frequency. 

bCalculated from the measured frequency with c = 299 792 458 
m / s .  

'Uncertainty: f 3MHz in the C 0 2  Frequency Offset Measure- 
ment. 
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